Introduction
In recent years it has been realized that abnormalities of structure or function of the papillary muscles and chordae tendineae can lead to important disturbances of mitral valve function (Sanders et al., 1965 ; Barlow & Bosman, 1966; Linhart & Taylor, 1966;  Raftery, Oakley & Goodwin, 1966; Roberts, Braunwald & Morrow, 1966; Stannard et al., 1967; Burch, de Pasquale & Phillips, 1968) . The term papillary muscle dysfunction has been used to cover the wide variety of clinical syndromes which may result. It is, however, far from satisfactory because the function of the chordae cannot be dissociated from that of the papillary muscles and the function of both of these structures has to be considered in relation to the valve cusps. For example chordae which are too long for normal valve cusps may allow incompetence, but chordae which are of normal length may permit incompetence if the cusps are unduly voluminous. It is quite clear, therefore, that the valve mechanism consists of three inseparable components, the papillary muscles, chordae and cusps. It is quite inappropriate to speak of a subvalvar mechanism of mitral incompetence and the term 'sub-valvar mitral incompetence' is even worse for it suggests that regurgitation is occurring from ventricle to atrium through some orifice below the valve. 'Non-rheumatic mitral incompetence', though clumsy, appears to be the only possible alternative but since the term papillary muscle dysfunction has obtained fairly widespread acceptance it is used as an alternative in the sense indicated in this introduction.
The normal function of papillary muscles and chordae These structures have a crucial function to perform in maintaining a suitable position of the valve cusps throughout ventricular systole. During the isometric phase of ventricular function sufficient tension must be generated in the papillary muscles to prevent prolapse of the cusp upward into the atrium but not so much to pull them down into the ventricle and open the valve. Then as the ventricular cavity shortens during the ejection phase the papillary muscles must shorten correspondingly to take up the slack in the chordae and prevent prolapse and regurgitation.
Situated as they are directly under the endocardium, the papillary muscles are as remote as is possible from the coronary blood supply. They are, therefore, particularly susceptible to ischaemia. Normally the antero-lateral papillary muscle derives its blood supply from the circumflex branch of the left coronary artery but sometimes there is an accessory supply from the anterior descending branch of the left coronary artery. The posteromedial muscle is supplied either from the circumflex branch of the left coronary artery or the posterior descending branch of the right coronary. (Fig. 4) (Fig. 5) (Fig. 6 ).
Alternatively they may present with congestive heart failure and peripheral oedema. The physical signs resemble those of Group 3 but the murmur is not always pansystolic. The timing depends not only upon the function of the papillary muscles and chordae but also upon the degree of ventricular dilatation. Quite often regurgitation is confined to mid-systole and the murmur is maximal at that time resembling an ejection type murmur (Fig. 7) . Moreover, if the posterior cusp prolapses the regurgitant jet may be directed over the anterior cusp towards the root of the aorta so that the murmur radiates to the base of the heart and even into the neck completing the resemblance to the murmur of aortic stenosis (Fig. 8) . There is, however, little difficulty in differentiating this condition for in rupture of the chordae the ejection-type murmur is accompanied by a small-volume, sharply rising arterial pulse instead of the anacrotic pulse of aortic stenosis. If the patient survives, signs of pulmonary hypertension develop. It is noteworthy that the left atrium is not enlarged (Fig. 9) .
5. Congenital and familial abnormalities of the chordae tendineae A few of these patients rather surprisingly present with chest pain which, however, does not usually have the typical characteristics of ischaemic cardiac pain. It may be felt in the centre of the chest but may be stabbing in quality and unrelated to effort. In many patients, however, there are no symptoms whatsoever and the murmur is discovered on routine examination. As a rule there is but one physical sign consisting of a mid-systolic click followed by a murmur which continues to the second heart sound (Fig. 1) . The cardiogram is usually normal but occasionally shows the pattern described in Groups 1 and 2 (Fig. 4) . X-ray of the chest shows no abnormalities but in patients submitted to cineangiography prolapse of the posterior cusp of the mitral valve with late systolic mitral regurgitation, has been (Fig. 6 ). If they respond only partially or not at all, they can be dramatically helped by replacement of their mitral valve with a prosthesis.
